Abstract: A novel singularity free fast recursive terminal sliding mode structure is proposed in this paper, which results in fast and finite time convergence. Dynamical properties of the structure are given and a fast terminal sliding mode control scheme is proposed for a class of nonlinear systems.
INTRODUCTION
It is often desirable to stabilize the motion of dynamical systems in finite time. Several approaches have been considered for this problem including the classical minimaltime and minimal energy controllers [6] . The problem of finite time stabilization of a dynamic system has been studied by several people from different perspectives [1, 3, 4, 5, 11] . Terminal sliding modes (TSMs) [2, 10, 11] , in particular, have shown some superior properties such as finite time convergence, high-precision and easy to use features. Unlike conventional sliding mode design, TSM is based on a set of recursive nonlinear non-smooth differential equations enabling finite time convergence. Recently there has been increased interest in the use of TSM. The essence of TSM is about introduction of a useful non-smoothness to achieve finite-time stability.
It is now known that the conventional TSM based control may result in singularity in some areas of the state space. Although certain remedy has been provided [7] , the fundamental singularity problem remains to be an obstacle affecting their applications. In [2] , a singularity free TSM was proposed for the second order systems which shows promising results. A recursive singularity free TSM has recently been proposed in [8] . In this paper, based on the singular free TSM proposed in [8] and the fast TSM (FTSM) control strategy in [11] , we develop a singularity free FTSM structure and then apply it to the control of single-input nonlinear systems. This paper is organized as follows. Some basic FTSM notions and finite-time convergence are briefly recalled in the next section. A novel singularity free recursive FTSM is formally introduced in Section 3, where our solution for finite-time convergence and non-singular property, which is the contribution of the present work, is described in details.
Some conclusions and further work are discussed in Section 4.
PRELIMINARIES
In this section, the conventional FTSM is reviewed and some of their properties are analyzed.
The basic FTSM [11] is
where x is a scalar variable, s is the sliding mode equation,
, and p and q are odd integers.
The singularity free FTSM can also be described by the following first-order nonlinear differential equation [10] 
where x and s are the same as above,
The so-called non-singular TSM [2] is expressed as
which is equivalent to the FTSM below
According to the definition of finite-time stability, the equilibrium point 0 = x of (1) (or (2) is globally finite-time stable, i.e., for any given initial condition
respectively, and stays in it thereforever, i.e., 0
The recursive FTSM structure [11] for higher order systems is expressed as will reach zero subsequently according to the dynamical structure of FTSM (1).
In the controller design with FTSM (6), we usually take derivative of 1 − n s in order to derive the control. The negative fractional power will appear in the control law because of
. Although the conditions are given to avoid the singularity [8] , global singularity free control is not possible.
SINGULARITY FREE FTSM
In this section, we will design a new singularity free recursive structure for FTSM. The finite-time convergence is retained and the usual singularity problem relating to conventional TSM is circumvented.
The new singularity free FTSM structure is defined as follows (assuming a>1) 
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SINGULARITY FREE FTSM CONTROL Consider a single input dynamical system of the form
where x is a n-dimensional state vector, u is a scalar control, f(x) and g(x) are smooth functions. We choose the switching control as 
Various simulations were done. Figure 1 shows the responses of the third order systems. Figures 1(a) 
CONCLUSIONS
In this paper, we have presented a novel singularity free FTSM structure, which preserves the beneficial characteristics of the conventional FTSM without any singularity problem. The new FTSM structure is then used to construct a controller for single input nonlinear systems. The finite-time convergence has been retained.
